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ABSTRACT

Acrosol samples were collected at altitudes from 584 m a.s.l. to 3,804 m a.s.l. at seven sites of the eastern Tianshan. The
occurrence, distribution, and possible sources of 47 trace metals—including alkali metals and alkali earth metals, trans-
ition metals, lanthanoids, and heavy metals—were investigated. It was found that four sampling sites (Shuinichang,
1,691 m a.s.l.; Urumgqi City, 809 m a.s.l.; FuKang Station, 584 m a.s.l.; and Bogeda Glacier No. 4, 3,613 m a.s.l.) were
contaminated mainly by heavy metals. Other three high-altitude sites (Urumgqi Glacier No. 1, 3,804 m a.s.l.; WangFeng
road-maintenance station, 3,039 m a.s.l.; and Tianshan Glaciology Station, 2,135 m a.s.l.) were not polluted. The aerosol
particles were clustered into two dominant types: crust-originated particles and pollution-derived particles. Aerosols from
UG1, WF, and TGS were characterized by crust-originated particles such as clay, plagioclase, dolomite, alkali feldspar,
and biotite; while those from SNC, Urumgqi, FK, and BG4 were characterized by high content of Cl-rich particles, S-rich
particles, and soot. The backward-trajectories results indicated that air masses arriving at SNC, Urumgqi, FK, and BG4 were
identified as the more polluted source, when compared to the short-range air mass transport from the North to UGI and
WEF. Relatively lower altitude, as well as terrain blocking, might be another important reason for the gradient difference in
pollution influence among these seven places in the Urumgqi River Basin.
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1 Introduction has focused on the middle and eastern parts of China

(Lu et al., 2008, 2013; Xiao et al., 2013; Huang et al.,

Atmospheric pollution in China, especially in met- 2014; Jiang et al., 2014; Shen et al., 2014; Wei et al.,

ropolises, has become significantly heavier during the
past three decades, with the rapid economic develop-
ment of industrialization and urbanization (Tan et al.,
2013). A great deal of atmospheric pollution research

2014; Yin et al., 2014; Zhang et al., 2016), while the
mountain regions in western China have received
little attention because of their geographical remote-
ness (Sexton et al., 1984; Borbon et al., 2002; Guo et
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al., 2004; Li et al., 2014). However, studies have
shown that long-range transport of surface emissions
and dust storms originating from central Asia could
be lifted up into the free troposphere and transported
eastward on a hemispheric scale, impacting eastern
China, North Korea and South Korea, Japan, and also
the United States (Fang et al., 1999; Jaffe et al., 1999;
Zhang et al., 2006; Han et al., 2008; Zhang et al.,
2008; Liu et al., 2009). Regional air pollution study of
mountains in western China, therefore, will be a ne-
cessary supplement to existing global atmosphere-qu-
ality research.

Aerosols collected from Tianshan regions
provided an opportunity to study the influence of an-
thropogenic pollution on this remote area, a topic that
has been debated over the past two decades. The
Tianshan ranges, located at the center of the arid and
semi-arid regions of central Asia, extend over Xinji-
ang in China, Kirghizstan, and Kazakhstan, for a total
length of 2,500 km, and contain many of the world's
inland glaciers. Terrestrial dust has been believed by
Belikova et al. (1984), Wake et al. (1990), Williams
et al. (1992), Sun et al. (1998), Kreutz et al. (2001),
Lee et al. (2003), Olivier et al. (2003), and Zhao et al.
(2011) to be the main source of the major ions in
Tianshan mountain glaciers, suggesting that anthropo-
genic pollution from surrounding cities and industrial
areas has seriously enhanced the concentration of
chemical species in this area. Obviously, the diamet-
rically opposed results were due to sampling sites that
were upwind or downwind of anthropogenic pollu-
tion sources. However, no data has been reported so
far based on multi-points gradient sampling including
both upwind and downwind sites in this mountain re-
gion to reflect the air quality exhaustively; and using
only some common chemical elements found in snow
or aerosols to deduce the anthropogenic pollution ex-
tent is definitely insufficient.

In this research, aerosol field sampling at seven
places in the Urumgqi River and Sigong River basins
was conducted for the first time along an altitude
gradient over the eastern Tianshan, with elevations
from 584 m to 3,804 m above sea level. In total, 47
trace elements were analyzed to gain comprehensive
insight into the long-distance transport of aerosols in
the free troposphere and the distribution, as well as
the evolution, of anthropogenic pollutions along an
altitude gradient in mountainous areas—pollution that
has potentially significant impacts on regional and
global climate.

2 Experimental
2.1 Sampling site characteristics

Seven sampling sites (Figure 1) were selected in

the Urumgqi River and the Sigong River basins, where
the weather is controlled by the Mongolian high-pres-
sure system all the year around, with the westerly jet
stream prevailing across the mountainous areas. The
sampling sites were Urumgqi Glacier No. 1 (UG1), the
WangFeng road-maintenance station (WF), the Tian-
shan Glaciology Station (TGS), Shuinichang (SNC),
Urumgqi City (Urumgqi), the FuKang Station (FK), and
Bogeda Glacier No. 4 (BG4). Five sites (UG1, WF,
TGS, SNC, and BG4) are located in mountains and
valleys, while Urumqi and FK are located in urban
areas. Glacier BG4 was a typical site downwind of
FK, according to the westerly jet stream. These seven
sites could represent the different anthropogenic influ-
ences throughout the Urumgqi River and Sigong River
basins in the Tianshan. Details of the sampling sites
are described below (Table 1).

Aerosol samples were recovered on Zefluor fil-
ters (2.0-um pore size, 47 mm, Pall Life Sciences) us-
ing a 12-V diaphragm pump powered by solar cells,
thereby avoiding any contamination from a power
generator. Filters were loaded in the field and moun-
ted face down about 2.5 m above the ground surface.
The sampling period for each aerosol sample was 4 h.
The air volume was converted into standard condi-
tions according to the local ambient conditions. After
the sampling period, the filters were removed from
the filter holder and placed into clean, airtight plastic
containers and stored at 4 °C until analysis. All
samples were collected in the autumn of 2012, within
a period of just a few days, meaning that possible sea-
sonal influence can be ignored; therefore, we would
like to consider the seven sampling sites' element con-
centration together in the discussion.

2.2 Chemical analysis

The collected aerosol filters were placed in a high-pre-
ssure Teflon vessel for digestion, using 2 mL of
mixed solution (1.5 mL concentrated HNO, and
0.5 mL step). Subsequently, the samples were diges-
ted in an oven for 4 h at 190 °C. The solution was
heated to 150 °C after cooling, another 0.5 mL HNO,
was added to the residue, and the sample was further
heated on a hot plate at 170 °C for 4 h. This proced-
ure for digestion was repeated twice. In each diges-
tion batch (27 samples), a reagent blank was also used
to check the sample-handing processes. A total of 68
elements were measured by Inductively Coupled
Plasma-Mass Spectrometry (ICP-SFMS, Element,
Bremen, Germany) in a 1,000-class clean room at the
State Key Laboratory of Cryospheric Sciences, Cold
and Arid Regions Environmental and Engineering Re-
search Institute (Northwest Institute of Eco-Environ-
ment and Resources), Chinese Academy of Sciences.

Elemental concentrations were quantified using



XiaoYu Zhang et al., 2017 / Sciences in Cold and Arid Regions, 9(5): 455466

457

external calibration standards (AccuTrace Reference
Standard). A check standard was analyzed after the
initial calibration and after every 10 samples. The
method's detection limits were listed as follow in

Table 2. For precision, the corresponding RSD values
of all element concentrations measured in the refer-
ence material were less than 5%. The final concentra-
tions were corrected with reagent and filter blanks.
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Figure 1 Map showing the location of the sampling sites and the surrounding geographic environment

(The sampling sites' details are shown in Figure 6)

Table 1 Details of the sampling sites

Sampling sites Longitude and latitude Altitude (m a.s.l.) Character Sampling time
UGl 43.11°N, 86.81°E 3,804 Valley glacier Aug. 12
WF 43.11°N, 86.94°E 3,039 Road maintenance station Aug. 12
TGS 43.21°N, 87.10°E 2,135 Field stations Aug. 12
SNC 43.45°N, 87.25°E 1,691 Cement factory Aug. 12
Urumgi 43.85°N, 87.61°E 809 Capital city Aug. 12
FK 44.15°N, 88.07°E 584 Local city Aug. 12
BG4 43.83°N, 88.28°E 3,613 Valley glacier Sep. 12

Individual particles were analyzed using a
Field Emission Scanning Electron Microscope
(JSM-6701F) equipped with an energy-dispersive
X-ray spectrometer (EDX/EDS). A section of each
filter was cut and mounted onto the electron micro-
probe stub and coated with a thin gold film for a high-
er-quality, secondary electron image. Operating con-
ditions were the following: accelerating voltage =
5~10 kV; spectral acquisition times = 60 s.

3 Results
3.1 General characteristics of trace elements

Table 2 describes the average concentrations
(ug/m3) of the 47 selected elements at the seven
sampling sites during the observation period. The
daily average concentrations of the 47 selected ele-
ments ranged widely, from 0.0003 to 24.447 pg/m3.

Based on the standard periodic table and relevant
chemical properties, the elements analyzed can be
grouped into four categories (Figure 2): (1) alkali
metals and alkali earth metals: Na, K, Rb, Be, Mg,

Ca, Sr, Ba, and Al; (2) transition metals: Sc, Ti, V, Cr,
Mn, Fe, Co, Ni, Cu, and Zn; (3) lanthanoids: La, Ce,
Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu;
and (4) heavy elements: As, Sb, Se, Ag, Cd, Hg, Sn,
Pb, T1, Zr, Hf, Ta, W, Th, and U.

Alkali metals and alkali earth metals. The alkali
metals and alkali earth metals showed higher concen-
trations than the other categories. This category sho-
wed up as 4 to 155 times higher in Urumgqi and FK, as
compared to UG1, WF, TGS, SNC, and BG4 (Figure 2).

Transition metals. The transition metals accoun-
ted for about 9.2% of the total concentration. Trans-
ition metals showed up as 15 to 443 times higher in
Urumgqi and FK, as compared to UG1, WF, TGS,
SNC, and BG4 (Figure 2). Among the transition
metals, the Fe content was found to be the highest at
these seven sampling sites, with an average concen-
tration of 3.577 ug/m3.

Lanthanoids. The lanthanoids were found to be
the lowest in concentration in the air mass.
Lanthanoids at TGS showed up as 3 to 13 times high-
er, as compared to UG, WF, SNC, Urumgqi, FK, and
BG4 (Figure 2).
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Figure 2 Four categories of the aerosol elements at seven sampling sites

Heavy elements. The heavy metals accounted for
about 2.1% of the total concentration. When the sev-
en different sites were compared, heavy metals
showed up as 5 to 1,013 times higher in Urumgqi and
FK, as compared to UG1, WF, TGS, SNC, and BG4
(Figure 2). Tl and Pb were found to be the high-con-
centration elements for the transition metals at these
seven sampling sites, with average concentrations of
0.371 and 0.319 pg/m3, respectively.

Overall, the average concentrations of alkali
metals, alkali earth metals, and geogenic elements
(e.g., Fe) were two to three orders of magnitude high-
er than those for the transition metals, heavy ele-
ments, and lanthanoids.

3.2 Morphology results

The final dataset included around 2,000 parti-
cles analyzed on seven filters. The particles were
grouped into five dominant types according to their
morphology and EDX signal: clay particles
(A14[Si,0,,], ALSiO,, and Ba[Al,Si,0q4]), plagio-
clase particles (Na[AlSi;Oq4] and Ca[Al,Si,04]), dolo-
mite (CaMg[CO,],), alkali feldspar particles
(KAISi;0q4 - NaAlSi;Oy), and soot.

4 Discussion
4.1 Enrichment-factor analysis
Trace elements in the atmosphere originate from

natural sources such as rock and soil dust, sea-salt
spray, volcanoes, wild forest fires, and marine biogen-

ic sources (Lee et al., 2008). On a global scale,
however, the emissions of trace elements into the at-
mosphere from various anthropogenic sources are
known to exceed those from natural sources (Nriagu
et al., 1989). Crustal enrichment factors (EFc) are of-
ten calculated to identify source regions and evaluate
the degree of anthropogenic influence (Duce et al.,
1975; Cong et al., 2007; Lee et al., 2008; Oztiirk et
al., 2012). EFc is defined as the concentration ratio of
a given element to that of Al (Al, Si, Ti, or Fe were
commonly used as approximations of rock and soil
dust because they are abundant in crustal material and
are not significantly affected by contamination), nor-
malized to the same concentration ratio characteristic
of the upper continental crust. For example, the EFc
for Cr is thus

G v
( E )crust

where Cr represents the element of interest; and Al is
a reference element. Here, we have used the data
given by Wedepohl (1995) for the upper continental
crust. The aerosol and crust subscripts refer to
elements in the aerosol samples and crustal material,
respectively. An EFc value close to unity is
considered as indicating a dominant input from rock
and soil, while an EFc value greater than 10 suggests
that the corresponding element originated mainly
from other sources (Ferrari et al., 2001; Cong et al.,
2007; Wu et al., 2009).
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Figure 4 shows the mean values of crustal enrich-
ment factors for the measured trace elements. The av-
erage EFc values are observed to be highly variable
between elements, with the lowest value determined
for Ti (0.17) and the highest for Se (4,075.49). This
wide range of EFc values for the elements is an indic-
ator of the differences in crustal contributions from
one group to another.

Overall, the mean values of EFc are relatively
lower for the 47 selected trace elements (including al-
kali metals, alkali earth metals, transition metals,
lanthanoids, and heavy metals) in UG1, WF, and
TGS, as compared to Urumqi, FK, and BG4 (Figure 2).
The distinct differences are detailed below.

Alkali metals, alkali earth metals, and former
transition metals showed low EFc values (all less than
10, except for Rb valued at 12.47) for all of the seven
sites (Figure 2), indicating their crustal origins. The
lanthanoids have average EFc values of 10 < EFc <
100, and thus are considered moderately enriched,
with the following order of occurrence: Yb (10.37) <
Gd (10.61) < La (11.57) < Eu (14.00) < Pr (15.59) <
Ce (23.07) < Er (32.25) < Lu (38.18) < Ho (40.56) <
Nd (42.30) < Tm (78.16) < Tb (98.60).

Previous studies showed that when enrichment
factors of lanthanoids in atmospheric particles are
between 3 and 10, it indicates the influence of anthro-
pogenic pollution in the atmosphere on these ele-
ments, while values between 1 and 3 indicate their
main source is dust from the ground (Wang et al.,
2008).

In our study, the lanthanoids showed high EFc
values (all higher than 10) at all of the seven sites
(Figure 2), indicating the possibility of anthropogenic
influence.

Heavy elements were found to be highly enriched,
with EFc values greater than 100, ranging from 198 to
4,075 at all seven aerosol-sample sites. The order of
occurrence was U (198.11) < Pb (264.29) < W
(307.35) <Hf (326.43) < As (663.46) < Sn (781.94) <
T1 (1,331.63) < Hg (1,526.21) < Sb (2,525.16) < Se
(4,075.49).

When the seven different sites were compared,
higher average EFc values of lanthanoids showed up
at UG1, WF, and TGS, as compared to Urumgqi, FK,
and BG4 (Figure 5). Conversely, higher average EFc
values of heavy metals showed up at Urumgqi, FK, and
BG4, as compared to UG1, WF, and TGS. The SNC
sample was highly enriched with both lanthanoids and
heavy metals (Figure 5). The altitude order is UGI
(3,804 m a.s.l.), WF (3,039 m a.s.l.), TGS (2,135 m
a.s.l.), SNC (1,691 m a.s.l.), Urumqi (809 m a.s.l.),
FK (584 m a.s.l.), and BG4 (3,613 m a.s.l.) (Figure 1).
According to this interesting characteristic of EFc val-
ues—combined with altitudes of the seven sites—Iloc-
al meteorology (such as wind stress and direction), as

well as air mass trajectories, must be considered as an
important contributor to the explanation, as discussed
below.

For example, although UGI and BG4 are both
high-altitude glaciers, the lanthanide enrichment is
much higher at UG1 than at BG4. The local wind con-
dition should be the main reason. The State Road No.
216 is sited 2 km southeast of UG1. This road cross-
ing the mountains and the glaciers in this area is made
of sands and clay. The dust and vehicle emissions
caused by passing cars had been very easily carried to
UG1 by the southeasterly mountain valley wind,
which is the frequent wind direction during the day-
time. That is why the influence of the local wind can-
not be ignored.

4.2 Individual particle analysis

Figure 2 shows at different magnifications typical
individual particles from the Urumgqi River Basin,
loaded on the filters.

According to the results of the enrichment-factors
analysis above, two particle categories could be ob-
tained, based on the morphology and chemical char-
acteristics of the individual particles. The distinct
characteristics and possible origins of each group are
described in detail as follows.

Crust-originated particles: clay; plagioclase;
dolomite, CaMg(CO;),; and alkali feldspar,
KAISi;04 - NaAlSi;O4. Clay particles were rich at
WE. The clay particles are characterized by high con-
tent of Si and Al, with varying Mg/Ca. At UG1, pla-
gioclase particles were rich, consisting of high con-
tent of Na[AlSi;O,] and Ca[Al,Si,0;]. From the point
of view of mineralogy, clay particles usually include
Al,[Si,0,,], Al,SiO,, Ca[Al,Si,04], and
Ba[Al,Si,Oq], which are typical terrigenous minerals.
Feldspar (KAISi;Oq - NaAlSi;Oy) turns into clay un-
der the weathering process (Cong et al., 2010a).
Therefore, a large fraction of the irregularly shaped
particles (Figure 3a) identified as alumosilicates could
be attributed to eolian dispersion of soil particles.

Besides, few particles consisting predominantly of
Si and Fe were detected in aerosol samples from
UGI1, WF, and TGS. The Si/Fe-rich particles are con-
sidered to be biotite (K(Mg, Fe),[AlSi;0,,(OH, F),]),
as biotite (generally associated with magnetite) is
abundant in West China, especially in the Xinjiang
Uygur Autonomous Region. Besides soil dispersion,
Fe-rich particles could also be produced by coal-fired
boilers and metal industry (Zhao et al., 2011). Fe-rich
particles emanating from a high-temperature furnace
usually show a spherical shape (Cong et al., 2010b).
However, all of the Si/Fe-rich particles in this study
have irregular (nonspherical) morphology (Figure 3b)
and thus can be identified as of natural origin.
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Figure 3 SEM images of typical aerosol particles. (a, b) crust-originated particles; (c) pollution-derived particles;
(d, e, ) particles containing soot, with varying heavy metals and crustal elements
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Figure 4 Enrichment factors (EFc) of aerosols, relative to the reference element Al

Pollution-derived particles: Important sources of
atmospheric lead include emissions from automobile
exhaust, coal combustion, mining or smelting opera-
tions, and waste incineration. Aerosol samples collec-
ted at SNC, Urumgqi, and FK were characterized by
high content of Cl-rich particles, S-rich particles, and

soot; and containing only a small amount of Na, Ti,
and Pb (Figure 3c). It has been verified that airborne
Pb can be carried globally through long-range trans-
port, as it tends to concentrate on fine particles that
have a long residence time in the atmosphere (Cong et
al., 2010a). Furthermore, Rattigan et al. (2001) sug-
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gested that approximately 70% of aerosol Pb could be
ascribed to leaded gasoline. As analyzed above, Pb
showed high absolute EFc values of 1,409.06, 87.85,

188.32, and 109.81 at SNC, Urumqi, FK, and BG4,
respectively, indicating the serious impact of anthro-
pogenic activities.
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Figure 5 Enrichment factors (EFc) variations of lanthanoids and heavy metals at the seven sampling sites

Soot could be clearly distinguishable from other
aerosol types due to its unique morphology, as shown
in Figure 3d. The morphology of this kind of particle
varies from short chains to complex clusters, depend-
ing on the type of fuel, burning conditions, and atmo-
spheric processing (Chakrabarty et al., 2006; Yue et
al., 2006). In our study, a considerable percentage of
soot particles contained S, Cr, Zn, Pb, and Ni, with
varying crustal elements (e.g., Al, K, and Ca), which
were observed by EDX analysis, indicating a mixed
source for these particles. Paoletti et al. (2003) sug-
gested that the S content in soot aggregates was prob-
ably caused by a gas-to-particle conversion process
during transport (Posfai et al., 2003). Other unrecog-
nized particles could contain organic particles with
light elements (such as C, N, and O) or biological
particles.

4.3 Possible source investigation

To investigate potential source regions of pollu-
tion-derived heavy metals in aerosols from these sev-
en sampling sites, 5-day backward trajectories were
computed using the hybrid single-particle Lagrangian
integrated trajectory (HYSPLIT-4) model developed
by the National Oceanic and Atmospheric Adminis-
tration (http://www.arl.noaa.gov/ready/hysplit4.html).
The trajectories were calculated at 500 m above
ground level for the seven sampling sites (Figure 6).

In general, the larger part of the air mass arriving
at UG1 and WF was from short-range aerosol trans-
port from the north; and the air mass arriving at SNC,
Urumgqji, FK, and BG4 was from long-range aerosol
transport from the west.

(1) The trajectories arriving at UG1 and WF re-
flected short-range aerosol transport, originating from
the south slope of the Altai Mountains at an altitude

of 1,117 m a.s.l.,, down to 311 m a.s.l. along the west-
ern edge of the Jungger basin, subsequently climbing
up along the north slope of the Tianshan from several
hundreds to around one-thousand metres a.s.l., imme-
diately across the valley straight to the south until
blocked by high mountains with an altitude of 2,702
m a.s.l., then flowing into the low places and turning
to the southeast, finally arriving at UG1 and WF. It is
clear that samples from these air masses exhibited
higher average EFc values of lanthanoids and lower
values of heavy metals at UG1, WF, and TGS, as
compared to Urumgqi, FK, and BG4, indicating less
pollutant was carried by their trajectories.

(2) The trajectories arriving at SNC, Urumgqi, FK,
and BG4 reflected long-range aerosol transport, ori-
ginating from the northwestem regions near Siberia
and passing through east Kazakhstan, the Karamay
oilfield, the Gurbantunggut Desert, and the south edge
of the Jungger Basin. Samples from these four sites,
where the northerly air mass arrived, exhibited high
EFc values of pollution-derived heavy metals (U, Pb,
W, Hf, As, Sn, Tl, Hg, Sb, and Se) (Figure 4). Espe-
cially, it is to be noted that these air masses traveled
across the Semipalatinsk Test Site (Figures 1 and 6).

The Semipalatinsk Nuclear Test Site (SNTS)
(50°07'N, 78°43'E) was the primary testing venue for
the Soviet Union's nuclear weapons for more than 40
years (Olivier et al., 2003; Semiochkina et al., 2004;
Zhang et al., 2011). It is located in northeast Kazakh-
stan, in the south valley of the Irtysh River. The nuc-
lear test site was located around 150 km west of the
town of Semipalatinsk, near the border of the East
Kazakhstan Province and Pavlodar Province, with
most of the nuclear tests taking place at various sites
farther to the west and the south, some as far away as
Karagandy Province (Zhang et al., 2011). The current
and future risk to people living in the contaminated
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area has been evaluated by Semiochkina et al. (2004)
using Internal doses; results indicated that whole-
body measurements calculated for adults are in the
range of 13 to 500 pSv/y even nowadays (Semiochk-

ina et al., 2004). Recent studies also pointed out pol-
lution levels of heavy metals such as Pb, Cd still ex-
ceed the national limit in the Semipalatinsk Nuclear
Test Site (SNTS) region of East Kazakhstan.

NOAA HYSPLIT MODEL

d

Backward trajectory
— R

a4 »‘» %
4

Trajectory direction: backward
Duration: 120 h for each

* Sampling sites

Verical motion calculation method: model vertical valocity

Figure 6 Daily backward trajectories terminating at the sampling site

According to data derived from backward air tra-
jectories from the Tianshan, the typical transit time
from possible major source regions is 0.5 to 1 day in
the summer. Our sampling site is therefore assumed
also to be affected by long-range transport of heavy
metals (U, Pb, W, Hf, As, Sn, Tl, Hg, Sb, and Se) ar-
riving at SNC, Urumgqi, FK, and BG4 via emissions
from the Karamay oilfield and nuclear test sites like
Semipalatinsk.

(3) Aerosol samples collected at FK showed that
the site has been seriously polluted by heavy metals.
The advantageous industries of FK City fall to coal
production, coal chemical industry, nonferrous metal
production, and subsequent deep processing of oil and
gas (Wu et al., 2008). FK has roughly 28 coal-related
factories, especially those for electrolytic nickel pro-
duction. In addition, FK produced 3,256 t of electro-
lytic nickel in 2005, with 3.87 times of the nation's
growth rate (Wu et al., 2008). All of these industrial

factories cannot shirk responsibility for the heavy
metal polluted aerosols at FK. This industrial activity
could also be one of the important reasons for BG4
showing higher average heavy-metals EFc values than
UG]1 (Figure 4), because the trajectories arriving at
BG4 pass through FK City.

Besides the factors discussed above, BG4 is a
high-altitude site; but it is more polluted (in terms of
heavy-metals EFs) when compared with UG1, likely
because BG4 is located downwind of the pollution-
emission region, FK.

5 Conclusion

Aerosol samples collected along an altitude gradi-
ent from 584 m a.s.l to 3,804 m a.s.l at seven sites
showed that four of those sampling sites (SNC, Urum-
qi City, FK, and BG4) were contaminated mainly by
heavy metals; and the heavy metals increased rapidly



XiaoYu Zhang et al., 2017 / Sciences in Cold and Arid Regions, 9(5): 455-466 465

with the reduction in altitude in both the Urumgqi
River and Sigong River basins. Aerosols from SNC,
Urumgqi, FK, and BG4 were characterized by high
contents of Cl-rich particles, S-rich particles, and
soot. The backward-trajectories results indicated that
air masses arriving at SNC, Urumgqi, FK, and BG4
were identified as the more polluted source, when
compared to UG1 and WF, sites of short-range air
mass transport from the north. Low altitude, as well as
terrain blocking, might be another important reason
for the gradient difference in pollution influence
among these seven places in the Urumgqi River Basin.
Samples from SNC, Urumgqi, FK, and BG4 exhibited
a high daily percentage of pollution-derived heavy
metals, as well as high concentrations of all individu-
al heavy metals, such as Sb, Ag, Se, As, Hg, Ta, Tl,
Sn, and Pb.
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